We report the first systematic study of the temperature dependence of optically induced birefringence in benzene, tołuene, nitrobenzene, chlorobenzene, 2-bromoanisole, 2-methylbenzaldehyde, 3-methylbenzaldehyde, 3-chlorobenzaldehyde and cinnamaldehyde. The optical Kerr constants, relative to benzene, are measured in a broad temperature range. Refractive indices and densities of the liquids for the temperatures studied were also determined. For the above liquids the Τ-1 temperature dependences of the optical Kerr constants have been found. From our measurements, the molar Kerr constants and the effective molecular anisotropies were calculated as functions of temperature. The mean values of the second-order optical hyperpolarizability have also been determined.
Introduction
Nonlinear optical effects in liquids are shaped not only by the optical properties of isolated atoms (molecules) but moreover by their electric properties and mutual interactions as well. Hence, optical birefringence induced by strong laser light, also referred to as the optical Kerr effect (OΚE), is a source of highly relevant information concerning the structure, electric and optical properties of atoms and molecules including their interactions in dense media. OΚE measurements yield the optical Kerr constant B 0 (λa , λi), which characterizes macroscopic properties of the medium. If carried out versus temperature, OΚE measurements provide information on the local stucture of the medium and permit the calculation of the nonlinear optical polarizability and effective optical anisotropy of molecules making use of the molecular-statistical theory of OΚE [1] . According to the latter, the molar optical Kerr constant Bm (λa , λi), dependent on molecular mechanisms leading to induced birefringence, is related with the microscopic properties of the system. Βm (λa , λi) can be expressed as the sum of two components of which the first one is temperature-independent and determines the contribution to OΚE from nonlinear deformation of the electron shell of the atoms (molecules) in the optical field (Voigt's effect), whereas the second component, which is a function of temperature, determines the contribution from molecular reorientation in the optical field (Langevin effect) and from molecular-statistical processes. The Kerr constant Β L(λa , λi) depends on the nonlinear properties of the atoms (molecules) described by the tensor of second-order hyperpolarizability Cα β-γδ and, moreover, on the intermolecular interactions. It can be expressed in a general form [2] as where the first term describes the Voigt's effect in the case when there are no molecular interactions in the medium, and the second term regards all types of molecular interactions. The interaction contribution to BmNL varies from one liquid to another and can range from several up to tens of % [3] in the case of liquids composed of strongly interacting molecules. For liquids the molecules of which have low permanent electric moments and weak optical anisotropy the influence of molecular interactions on ΒmNL can be neglected in the first approximation (the second term in Eq. (2) vanishes). ΒmNL then takes the form [4] with NΑ the Avogadro's number and c the mean value of the tensor Cαβγδ defined by the relation c = 1/5 cααββ
The constant Β Τ can be expressed as follows [4] :
where Γ is the effective optical anisotropy characterizing the molecular optical anisotropy γ of the molecule in the medium. For rarefied gases only, one can assume the effective anisotropy as equal to the anisotropy of the isolated molecule. However, the influence of its nearest neighbourhood on the optical properties of a molecule increases with growing density of the medium and becomes considerable in liquids. This leads, chiefly by way of multipolar interactions significantly dependent on the structure of the molecules, to the appearance of regions of short-range ordering in the liquid and to the formation of momentary molecular assemblages. It should be remembered that in dense media the molar Kerr constant Bm (λa , λi) and the experimentally determined optical Kerr constant Β0(λ a , λi) are interrelated as follows [2] : As follows from the results of our studies, the temperature behaviour of the optical Kerr constants of certain molecular liquids reveals deviations from linearity in the low-or high-temperature part of the temperature range considered. This fact may provide additional information about the local structure of a given liquid. Therefore we decided to go into this problem in more detail and the investigation of the liquids showing nonlinear temperature dependence of optical birefringence and an attempt at its interpretation will be presented in Part H of this work.
Experimental
We applied the OΚE setup designed and constructed in our Institute. OΚE was induced with the beam of a uby laser (λi = 694.3 nm) generating nanosecond pulses (τpulse = 10 ns, power 20 MW) and analysed with that of a continuously operating argon laser beam (λ 8 = 488 nm, of about 100 mW in power). For the principle and details of our setup we refer to our earlier papers [7, 8] . Especially for the present investigation, it was supplemented with a thermostated Kerr cell and an electronic temperature-stabilizing device. The Kerr cell consisted of a 1 cm long, closed optical quartz cuvette placed within a metal shield containing heaters and a platinum resistor coupled to the temperature control device. The measuring and temperature stabilisation setup enabled us to vary the temperature of the liquids from ambient up to 300°C with an accuracy of ±0.20C. For the present study we chose molecular liquids, where the phenomenon of induced birefringence was expected to be pronounced with regard to the presence of unsaturated bonds [1] . The liquids were of spectral purity, from Merck, Darmstadt, and after drying were introduced into the optical cuvette directly through a millipore filter.
Results
OΚE measurements were performed for benzene as reference liquid and for the following molecular liquids: toluene, nitrobenzene, chlorobenzene, 2-bromo anisole, 2-methylbenzaldehyde, 3-methylbenzaldehyde, 3-chlorobenzaldehyde and cinnamaldehyde. For benzene and the first three above-mentioned liquids the temperature dependence of OΚE was also studied by other researchers [5, 6] . For the rest of liquids these are the first OΚE measurements and its temperature dependence. First, at room temperature, we determined their optical Kerr constants Brel relative to benzene. Next, we measured OΚE as a function of temperature in the interval Troom T*, where T* = (Tboil -Troom) x 85%. Here Troom is the ambient temperature, whereas Tboil is the boiling temperature of the liquid. Setting the upper limit to the applied temperatures was a consequence of the fact that when approaching the boiling point of the liquid, significant optical inhomogeneities appeared in the studied medium which was the source of considerable inaccuracies of measurements. Therefore the value of Brel is for each temperature point the statistical mean of twenty to thirty measurements calculated by the least-squares method. The calculated error in determination of the values of Brel did not exceed ±5%.
With the well-known optical Kerr constant of benzene available [9] , B 0 63.2.10 -9 [cgs]•(70.2x10-16 m.V -2 ), we calculated Β0 for the liquids (Β0liq = Βrelliq x Β 0 b e n z e n e ) . I n o r d e r t o c a l c u l a t e t h e m o l a r K e r r c o n s t a n t s f r o m E q . ( 4 ) f o r a g i v e n temperature we need the densities p of the liquids as well as their refraction indeces at the same temperatures involved. We determined these quantities experimentally, measuring p for individual points throughout the entire range of temperatures Troom -Τ* and measuring the refraction indices with a Pulfrich refractometer only up to 50°C with regard to thermal limitations on the prism and calculating the indices n a and ni upwards of 50°C analytically from the linear relation of the type n = αn + bnT, where Τ is temperature in Kelvin scale. The error due to divergences from linearity in n(T) was assessed as several % at the most. The obtained values of αn and bn are listed in Table A (Appendix).
Our measurements of p versus Τ for different temperatures led also to the linear dependence of the type p = α p + bpT, where Τ is in Kelvin scale. The error due to divergences from linearity in p(Τ) in the temperature range 10-50° C, did not exceed 2%. The calculated values of α p and b,, are given in Table B (Appendix). The results of our temperature measurements and calculations for the liquids studied are summarized in Table I .
With the molar Kerr constants versus temperature available, we were in a position to calculate the contributions Β L and ΒmRΤ from Eq.(6) and, hence, the values of c and Γ2 . The results of these calculations for room temperature are shown in Table II together with the % contribution of Voigt's effect to the optically induced birefringence.
Conclusions
We report the results of a systematic study of the temperature dependence of optical Kerr effect in benzene and eight selected molecular liquids. The results obtained for benzene are in good agreement with available literature data [6] which proves reliability of our equipment. Our study describes a new method for determination of mean nonlinear polarizability of the molecules as well as the square of their effective optical anisotropy in molecular liquids as proposed in Ref. [10] . However, the method involves the neglect of the influence of molecular interactions on the Voigt's effect. Their influence is taken into account in the Langevin effect only (by way of the optical anisotropy). This limitation complicates the analysis of the temperature-dependent results.
Another important limitation of this method results from the employed extrapolation of the temperature dependence of the optical Kerr constant to zero temperature, which requires to assume that this dependence is linear also below room temperature. As follows from our studies [11] , this assumption is not always correct. Therefore, the results obtained according to this method seem to be more of qualitative nature. Moreover, one should bear in mind that in higher temperatures the distribution of molecules becomes increasingly chaotic, especially as one approaches the boiling point of the liquid, and the influence of molecular interactions on the optical properties of the medium decreases. Hence, as the temperature varies, so do the contributions from different molecular configurations to the effective optical anisotropy. This can explain the differences in shape of the Kerr constant Brel versus temperature among the liquids measured in the present work.
Despite [12] . The results given in Table I show that in all cases OΚE decreases with growing temperature; albeit, this decrease differs slightly from one liquid to another. For benzene and 2-bromoanisole it is linear throughout the whole temperature range studied, whereas for the other three liquids it diverges from linearity starting from some tens of degrees upward of room temperature, where the effect decreases more steeply than with Τ-1 as the temperature increases. This behaviour of the temperature dependence of OΚE enables us to draw certain conclusions concerning the local structure of the liquids, since the deviations from the Τ -1 -dependence point to changes in the effective optical anisotropy of the molecules in the liquid and, thus, to changes in local structure. However, in order to obtain more detailed information, further temperature measurements of OΚE in other liquids with similar molecules are necessary.
